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METHOD AND DEVICE FOR MONITORING
POWER SUPPLY NETWORKS

FIELD OF THE INVENTION

The present invention relates to a method and device for
monitoring a power supply network.

BACKGROUND INFORMATION

Fault recorders are used for detecting and recording faults
in electrical power supply networks; said fault recorders
sample the network with a frequency that 1s high compared
to the network frequency, so that higher-frequency faults are
also detected. Network faults can be detected, for example,
by comparing the network voltage sampling values 1n suc-
cessive periods. Since, on the one hand, the full signal
variation cannot be recorded, since this would require a huge
number of 1rrelevant data to be stored and, on the other hand,
mere recording of a fault 1s in general insufficient for
analysis regarding its origin and effects, the previous history
a few seconds before and the subsequent variation of current
and voltage for a few seconds after their decay are recorded.
The sampled values can be made available 1n a memory or
a register for later recording, or they can also be transmitted
to a central unit where they are stored and analyzed. Despite
limiting the method to faults and the immediate previous and
subsequent history, considerable amounts of data must be
stored and/or transmitted. For example, if the fault has a
duration of 0.25 seconds and the 5-second previous and
subsequent history are to be recorded, a recording rate of 80
Kbyte/sec results considering a sampling rate of 5 Khz, eight
channels (four for voltages and four for currents), and a
digitizing resolution of 16 bits. Therefore 820 Kbytes are
required for describing the assumed fault during 10.25 sec.
At a transmission rate of 300 Baud, their transmission would
require 6 hrs, 1.€., an intolerably long time. Even at a higher
transmission rate of 9600 Baud, the transmission time would
not be reduced to a satistactory level.

Therefore, European Patent Application 477,690 Al pro-
poses that the sampling values be subjected to data reduction
prior to their storage or transmission. Different data reduc-
fion methods are known from the literature, e.g., from K.
Riedel’s book “Datenreduzierende Bildcodierung” [Image
coding for data reduction], 1986, Franzis’-Verlag, Munich.

SUMMARY OF THE INVENTION

An object of the present mnvention 1s to provide a method
for monitoring power supply networks with a particularly
ciiective data reduction. Furthermore, a device for carrying
out this method 1s to be provided.

The present 1nvention provides a method for monitoring,
a power supply network wherein a voltage or a current 1s
cyclically sampled and the sampling values are digitized,
wherein faults are detected, wherein the sampling values
recorded during a fault of the voltage or the current, as well
as during a time period prior and subsequent to the fault are
compressed and are transmitted and/or stored and decom-
pressed to be analyzed. In the method of the present
invention, spectral values are obtained from an integer
multiple of the number of sampling values spanning the
network period, using a discrete Fourier transformation. The
amplitudes of the spectral values are compared with a
threshold value and only those spectral values that are
orcater than the threshold value are transmitted and/or
stored. An inverse discrete Fourier transformation is per-
formed with the transmitted spectral values and constant
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2

values that are smaller than the threshold value, preferably
equal to zero, and which replace the spectral values sup-
pressed by the comparison with the threshold value, to
compress the data.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic representation of an embodiment of
a system 1n accordance with the present invention.

FIG. 2 shows spectral values of a data set when there 1s
no fault present.

FIG. 3 shows the spectral values of a data set 1n the event
of a fault.

FIG. 4 shows a method corresponding to the operation of
the system of FIG. 1.

DETAILED DESCRIPTION

In FIG. 1, the voltage of an AC line SL 1s to be monitored
for faults. In general, not only a single-phase voltage 1is
monitored, but also multiphase voltages and currents, for
which a plurality of channels 1s required. The description of
a single channel 1s, however, suflicient for explaining the
invention. Therefore FIG. 1 shows a single channel of a
substation UST.

A sampling and holding circuit SH samples the voltage of
line SL with a frequency I, which 1s an integer multiple of
the frequency of the monitored voltage, 1n general, the
network frequency, for example 5 Khz. The sampling values
are digitized by an analog-digital converter ADU and
entered 1n a first intermediate storage device ZSP1. There
they are combined to form data sets of consecutive sampling
values spanning one or more periods of the network voltage.
In the exemplary embodiment, 500 data sets spanning five
periods are used. In general, no fixed sampling rate can be
used, but the sampling rate 1s preferably synchronized with
the network frequency. At high sampling rates, it may
remain constant. Then, however, the number of data sets 1s
variable, so that they always span an integer multiple of the
network voltage period. The data sets are individually sub-
jected to a Discrete Fourier Transformation in a DFT unait.
Such a transformation 1s well-known {from communications
technology, for example, from Norbert Hesselmann’s book
“Digitale Signalverarbeitung” [Digital Signal Processing],
1983, Vogel-Verlag, pp. 113—-117, and therefore does not
need to be explained 1n detail here. From the 500 sampling
values, the discrete Fourier transformation unit obtains 250
complex spectral values 1n the frequency range. The ampli-
tudes of the spectral values are compared 1n a comparator
VGL with a threshold value SW, which 1s 0.05% of the
largest amplitude, for example. In any case, the threshold
value must be of such a size that virtually no information
regarding the variation of the voltage 1s lost by data com-
pression. The amplitudes of the complex spectral values are
obtained, in a well-known manner, by calculating the square
root of the sum of squares of the real and 1imaginary parts.
The spectral values whose amplitudes are less than this
threshold value are set to zero, 1.e., suppressed; the larger

spectral values are entered 1n a second 1ntermediate storage
device ZSP2.

In the exemplary embodiment, the DFT unit converts the
sampling values 1nto spectral values on a continuous basis,
at a rate with which the sampling values are entered in
intermediate storage device ZSP1. The storage device ZSP1
1s therefore dimensioned so that 1t can store two data sets so
that while the sampling values of one data set are being
entered, the second data set 1s processed in the DFT unit and
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in comparator VGL. The intermediate storage device ZSP2
1s dimensioned so that 1t can accommodate at least the
spectral value data sets with which the previous history of a
fault can be described. In general, however, 1t 1s dimen-
sioned so that 1t can store the data sets of a fault including
its previous and subsequent history. In the assumed example
of a sampling frequency f of 5 Khz and 500 sampling values
per data set, 50 data sets are required to describe the
5-second previous history, which 1s the minimum that must
be accommodated by mtermediate storage device ZSP2. In
normal operation, if no fault has occurred, the latest 50 data
sets are contained 1n intermediate storage device ZSP2, with
the oldest one being constantly replaced by the most recent
one. If a fault occurs, these 50 data sets, as well as the
subsequent data sets of the fault and after the fault, are
transferred by a sender SE to a receiver EM of a central unit
ZE, where they are entered by receiver EM 1n an interme-
diate storage device ZSP3. An IDF unit reconstructs the
sampling values from the data sets using an 1inverse discrete
Fourier transformation, which 1s also known from the book
“Digitale Signalverarbeitung.” The reconstructed sampling
values are analyzed 1n an analyzer AW.

FIG. 2 shows the spectral values of a data set when there
1s no fault present. The abscissas represent numbers 1,
2, ...N/2, of the spectral values with N being the number
of sampling values per data set. Since, as mentioned before,
only one-half of the spectral values are independent of one
another, 1t 1s sufficient to process these only. In the normal
case represented here, only a few spectral values are of a
non-negligible size. The other, smaller spectral values arise,
at least 1n part, from transmission errors, quantification
noise, and the like. Therefore a threshold value SW 1s
introduced; values smaller than this are suppressed and only
those that are larger are processed further. They can be
denoted with consecutive numbers 1, 2, 3, . . . 250, with
which they can be 1dentified when the sampling values are
reconstructed.

FIG. 3 shows the spectral values of a data set 1n the event
of a fault. The number of spectral values exceeding thresh-
old value SW 1s considerably greater than in the normal case
shown 1 FIG. 2. The data reduction 1s therefore smaller.
Since, however, the previous and subsequent history are
long compared to the duration of the fault, a still consider-
able overall data reduction of 50:1 1s obtained.

Faults are usually recognized by comparing the sampling,
values of successive periods of the voltage or current
monitored. If the deviations from one period to another
exceed a predefined amount, 1t 1s considered a fault and the
data sets of the previous history, the fault, and the subse-
quent history are stored and/or transmitted to a central unit.
In the exemplary embodiment shown, faults are recognized
with the help of the frequency spectrum. For this purpose,
the spectral value data sets are supplied to a monitoring unit
UE. They can be obtained directly from the DFT unit, but
also from comparator VGL, or from intermediate storage
device ZSP2. The appearance of spectral values of higher
order, €.g., higher than 6th order, or the ratio of higher-order
spectral values to the spectral values appearing when no
fault 1s present, or also the ratio of the sum of all spectral
values to the sum of lower-order spectral values can be used
as criteria. Since changes 1n the amplitude should also be
reported as faults when monitoring network voltages, the
change 1n amplitude of lower-order spectral values can also
be a fault criterion. If the monitoring unit UE has detected
a fault, 1t sends a telegram describing the previous history,
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the fault itself, and the subsequent history to intermediate
storage device ZSP2, and then issues a send command to

sender SE.

Since all the complex spectral values (in the example 250)
are required for the 1nverse discrete Fourier transformation,
the spectral values recerved 1n the IDF unit of the central unit
ZE are supplemented by the constant values suppressed by
comparator VGL, which are smaller than the threshold
value, 1n the simplest case by assuming that they are equal
to zero.

What 1s claimed 1s:
1. A method for monitoring a power supply network
comprising the steps of:

periodically sampling and digitizing at least one of a
voltage and a current to generate sampling values;

detecting a fault;

recording a number of sampling values before, during and
after the fault;

compressing the number of recorded sampling values;

generating spectral values from an integer multiple of the
number of recorded sampling values using a discrete
Fourier transformation;

comparing amplitudes of the spectral values with a thresh-
old value;

selecting those spectral values whose amplitudes are
oreater than the threshold value;

transmitting or storing the selected spectral values;

replacing those spectral values whose amplitudes are not
P & P P
oreater than the threshold value with constant values
that are smaller than the threshold value; and

performing an inverse discrete Fourier transformation
using the selected spectral values and the constant
values.
2. The method of claim 1, wherein spectral values that are
independent of one another are transmitted or stored.
3. A monitoring device for monitoring a power supply
network, the monitoring device comprising:

a detection device which generates sampling values by
periodically sampling at least one of a voltage and a
current of the power supply network;

a transformation device which generates spectral values,
using a discrete Fourier transformation, from an integer
multiple of a number of sampling values spanning a
network period, which sampling values are recorded
before, during and after a fault;

a data compression device for compressing the spectral
values by comparing the spectral values to a threshold
value and suppressing those spectral values whose
amplitudes are less than the threshold value;

a transmission device for transmitting to a receiving
device those spectral values whose amplitudes are
oreater than or equal to the threshold value; and

a data decompressing device for decompressing the trans-
mitted spectral values, wherein the data decompressing,
device calculates sampling values from the transmitted
spectral values using an 1nverse discrete Fourier
transformation, and wherein the decompressing device
substitutes constant values that are less than the thresh-
old value for those spectral values suppressed by the
data compression device.
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